for this phenomenon, often associated with the muscle relaxant suxamethonium. The major site of heat production is striated muscle and the primary intracellular defect probably a raised Ca2+ concentration (Britt, 1972) . The precise source of heat production is unknown, but the two main sites implicated are the mitochondria and myosin adenosine triphosphatase. We therefore investigated the effect of inhalational anaesthetic agents on Ca2+-induced stimulation of respiration in isolated rat liver mitochondria. In a previous study with murexide it was found that concentrations of halothane up to 4% decreased the rate of Ca2+ accumulation without altering the amount accumulated (Miller & Hunter, 1971 ).
Ca2+-induced changes in respiration were studied polarographically with a Clarktype electrode. The mitochondria were suspended at 26°C in a medium of 0.25~-sucrose containing 5 m~-M g C l~ and 2Om~-Tris chloride, pH6.4. Succinate was used as substrate and the final mitochondria1 protein concentration was approx. 2mg/ml. Anaesthetic agents were diluted 1 :10 to ethanol. Initially halothane was investigated, but similar results have been obtained with methoxyflurane, trichloroethylene and chloroform.
With succinate as substrate (in the presence of phosphate) halothane at concentrations less than 2mM had no effect on the respiration, respiratory control or ADP/O ratios of the mitochondria used. However, in the presence of 1 2 4 p~-C a C I~, 1mM-halothane produced a two-to three-fold increase in the State 4 respiratory rate reestablished after the Ca2+-induced pulse of State 3 respiration. The concentration of halothane required to produce this loss of respiratory control was equal to or greater than that required to inhibit NADH oxidation (Hall et al., 1973) . Trichloroethylene and methoxyflurane also showed a concentration-dependent increase in the State 4 rate after a Cat+ pulse (Fig. 1) .
The extent of this effect was found to be pH-dependent. The maximal loss of respiratory control occurred at pH6.4-6.8; halothane had no effect on the State 4 respiratory rate at pH7.8. An identical loss of respiratory control was produced when Ca2+ was added with a permeant anion, as calcium acetate or in the presence of phosphate, indicating that the effect was not dependent on alkalinization of the inner mitochondria1 membrane. Incubation of the mitochondria with 2Spg of oligomycin/ 3ml before the addition of halothane and Ca2+ showed the phenomenon to be oligomycin-insensitive. Mela (1968) has shown that La3+ at very low concentrations inhibits the Ca2+ carrier in the mitochondria1 membrane. When Ca2+ uptake was blocked by the previous administration of La3+ in the presence of halothane there was no increase in the State 4 rate. However, if La3+ was added after the Ca2+-dependent loss of respiratory control had been established, there was no reversal of the effect even when La3+ was present at up to 0.5 % of the Ca2+ concentration.
Respiratory control could be re-established by the addition of relatively large quantities of EGTA.* The concentration of EGTA required was 4 times that of the Ca2+ pulse. About 2-3min elapsed after the addition of the EGTA before a normal State 4 respiratory rate was achieved. A similar effect was obtained when ADP (final concn. 2 . 5 m~) , in the presence of oligomycin, was used instead of EGTA.
To test whether the action of halothane was Ca2+-specific we examined the ability of halothane to alter the respiratory changes associated with the valinomycin-induced uptake of pulses of K+. Halothane had no effect on the uptake of either KCI (nonpermeant) or potassium acetate (permeant) at pH6.4 or 7.8. On the other hand, the effect of Ca2+ was mimicked qualitatively by Srz+.
We have shown that some inhalational agents elicit a Ca*+-dependent loss of respiratory control in rat liver mitochondria. This could account for the heat produced during anaesthesia under conditions of abnormally raised intracellular CaZ+ concentrations. Halothane is known to expand the hydrophobic phase of membranes in which it is dissolved (Seeman & Roth, 1972) . Expansion of the inner mitochondrial membrane in uiuo, for example by changes in phospholipid composition, *Abbreviation: EGTA, ethanedioxybis(ethy1amine)tetra-acetate.
Vol. 1 might account for physiologically significant loss of respiratory control as in nonshivering thermogenesis or thyrotoxicosis. The loss of respiratory control observed in mitochondria from brown fat of neonatal or cold-acclimatized adult rats can be reversed by incubation with ATP (Skaane et at., 1972). ADP and EGTA perhaps reverse the effect of Ca2+ in the presence of halothane by chelating the bivalent cation. This, however, begs the question of the mechanism of the loss of respiratory control. It is unlikely that halothane merely makes the membrane more permeable to Ca2+, thus setting up a cycle of Ca2+ leakage and reaccumulation. Such a cycle might be expected to be sensitive to the addition of La3+ after the Ca2+ pulse. It is possible that free intramitochondria1 Ca2+ always results in loss of respiratory control, but that normally small pulses of Ca2+ can be chelated by intramitochondrial ATP and ADP. Equivalently, an excess of internal adenine nucleotides over internal Ca2+ might be required for respiratory control. We believe it to be highly significant that, in preliminary experiments, we have observed that halothane treatment results in a leakage of adenine nucleotides from mitochondria, and that brown-fat mitochondria from hibernating hedgehogs are depleted in ADP+ATP (Skaane et at., 1972) . The role of CaZ+ as a coupling agent in the secretion of transmitter substances from neurons and of hormones from endocrine glands has been investigated in some detail (see Rubin, 1970) . However, little attention has been focused on the apparently similar process of protein secretion by exocrine glands. Experiments on rat pancreas were therefore designed to explore this problem. The uptake and efflux of 45Caz+ by the isolated uncinate pancreas of 60-70g rats were measured under basal conditions, during stimulation by cholecystokinin-pancreozymin and acetylcholine and during alterations in the composition of the bathing medium, and have been correlated with enzyme secretion by measuring cr-amylase (EC 3.2.1 . I ) activity.
Preliminary studies (Case & Clausen, 1971a,b) showed that cholecystokininpancreozymin and acetylcholine accelerated 45Caz+ efflux from pre-loaded glands in parallel with a-amylase secretion, in a dose-dependent fashion. However, cholecystokinin-pancreozymin and acetylcholine do not increase 45Caz+ uptake. The accelerated efflux is maintained in Ca2+-free buffer (containing O.S~M-EGTA*), though the increased a-amylase secretion is abolished. However, a-amylase secretion is normal in the presence of only 0.1 mM extracellular Ca2+.
These observations suggest that Ca2+ has two roles in pancreatic enzyme secretion. First, it has a permissive role, probably involved in maintaining the integrity of the cell membrane; the source of this Ca2+ is the extracellular fluid, and only low concentrations (0.1 mM) are necessary. Secondly, it has a direct role. For this function, Ca2+ is released from intracellular stores on stimulation by cholecystokinin-pnncreozymin or acetylcholine. The raised intracellular CaZC concentration triggers enzyme secretion and is reflected in an accelerated efflux of "jCaz+ from the cell. These stores may be analogous to the sarcoplasmic reticulum in muscle tissue.
Support for this hypothesis has been sought by changing the composition of the bathing medium. Since such alterations can cause release of acetylcholine from nerve terminals within the gland (Argent et al., 1971) , in theseexperiments atropine was added to the incubation medium to block the effect of any acetylcholine that might have been so released. Total replacement of NaCl by mannitol, or of Na+ by Li+, causes a gradual rise in 45Ca2+ efflux from pre-loaded glands, accompanied by cr-amylase secretion. These effects are not observed in Ca2+-free Li+ buffer (containing EGTA). Li+ also causes a measurable increase in 45Ca2+ uptake. These observations suggest that experimentally induced 45Ca2+ uptake, which presumably results in an elevated intracellular Ca2+ concentration, will also trigger enzyme secretion.
Hyperosmolarity, induced by adding mannitol ( 2 5 0 m~) to the incubation medium, causes an accelerated 4sCaZ+ efflux and a-amylase secretion. The accelerated efflux of 45CaZ+ is observed in CaZc-free buffer (containing EGTA), although, as before, a-amylase secretion is abolished. Hyperosmolarity causes contraction in muscle by releasing Caz+ from intracellular stores, and the same appears to be so in the pancreas.
*Abbreviation: EGTA, ethanedioxybis(ethy1amine)tetra-acetate.
